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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a means which improves 
magnetic field generating efficiency from a writing wiring, and 
further increases the allowable range of values for a rewriting 
current in order to prevent error writing to semi-selective cell, 
when writing is conducted, in a solid magnetic memory using a 
tunnel junction element. 

SOLUTION: Two writing wirings are arranged, so as to run almost in 
parallel in the vicinity of the tunnel junction element. The two £ 
writing wirings intersect perpendicular in the whole memory region 
and form cross point type arrangement, so that cell selection is 
facilitated. Magnetic shield and a bias film may be used also. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st address decoder which chooses the 1st desired write-in line among two or more 1st write-in 
lines arranged by the line writing direction on the 1 st field, and said two or more 1 st write-in lines, Two or more 
2nd write-in lines which are arranged in the direction of a train on the 2nd field which is parallel unlike said 1st 
field, and intersect said two or more 1st write-in lines, In each of the crossing of the 2nd address decoder which 
chooses the 2nd desired write-in line among said two or more 2nd write-in lines, and said 1st and 2nd write-in 
line Said 1 st and 2nd write-in line is a magnetic memory apparatus characterized by the current passed [ in / 
provide the magneto-resistive effect component arranged so that it may be inserted into a film surface 
perpendicular direction by the 1 st and 2nd write-in line, and / said crossing ] by the line write-in [ both ] having 
the part from which it becomes abbreviation parallel. 

[Claim 2] In a different two or more magneto-resistive effect components [ which were arranged in the shape of 
a matrix on the 1st field ], and 2nd field top from said 1st field Two or more 1st writing rays arranged by 
approaching said magneto-resistive effect component, respectively, The 1 st address decoder which chooses the 
1 st desired writing ray among said two or more 1 st write-in lines, The part which intersects said 1 st writing ray 
on the 3rd different field from said 2nd field, Two or more 2nd writing rays which have the part which 
approaches said magneto-resistive effect component on said 2nd field, respectively, and becomes parallel to 
said 1 st writing ray, The magnetic memory apparatus characterized by providing the 2nd address decoder which 
chooses the 2nd desired writing ray among said two or more 2nd write-in lines. 

[Claim 3] The magnetic memory apparatus according to claim 1 or 2 characterized by providing the high 
coercive force magnetic film for impressing a bias field to said magneto-resistive effect component. 
[Claim 4] The 1st address decoder which chooses the 1st desired write-in line among two or more 1st write-in 
lines arranged by the line writing direction and said two or more 1 st write-in lines, Two or more 2nd write-in 
lines which are arranged in the direction of a train and intersect said two or more 1 st write-in lines, The 2nd 
address decoder which chooses the 2nd desired write-in line among said two or more 2nd write-in lines, Said 
1 st [ the ] and the magneto-resistive effect component arranged at each of the crossing of the 2nd write-in line, 
The magnetic circuit holding the generating field from said write-in line, and the magnetic-flux concentration 
machine which centralizes the penetration magnetic flux of said magnetic circuit on the one direction of said 
magneto-resistive effect component, Said 1st and 2nd write-in line is a magnetic memory apparatus 
characterized by the current passed [ in / provide and / said crossing ] by the line write-in [ both ] having the 
part from which it becomes abbreviation parallel. 

[Claim 5] The magnetic memory apparatus according to claim 4 characterized by said 1st and 2nd write-in line 

being arranged at said magneto-resistive effect component and another flat surface, and coming to arrange it to 

the film surface perpendicular direction on both sides of said magneto-resistive effect component. 

[Claim 6] The magnetic memory apparatus according to claim 4 characterized by coming to arrange said 1 st 

and 2nd write-in lines at the same different flat surface from said magneto-resistive effect component. 

[Claim 7] The magnetic memory apparatus according to claim 4 characterized by providing further the high 

coercive force magnetic film for impressing a bias field to said magneto-resistive effect component. 

[Claim 8] The magnetic memory apparatus according to claim 1 to 7 characterized by performing eel selection 

at the time of writing by giving the line and the train address of a selection eel to said the 1 st and 2nd address 

decoder, respectively. 

[Claim 9] The 1st write-in line arranged on the 1st field, and the 1st part which has been arranged on the 2nd 
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different field from said 1st field, and has been arranged from an one direction vertical to said 1st write-in line 
to said 1st write-in line side- face upper part, The 2nd part which connects with said 1st part and laps with said 
1st write-in line, The 2nd write-in line which has the 3rd part connected to said 2nd part so that it might become 
vertical to said 1st write-in line in the side face by the side of said 1st part and reverse, The magneto-resistive 
effect component which was pinched between said 2nd part of said 1 st write-in line and said 2nd write-in line, 
and was connected to either of said 1st and 2nd write-in lines, The magneto-resistive effect component 
characterized by having the relation it is unrelated 2 a>b>0 when it provides and the minimum distance of the 
center line of the 1st part of a and said 2nd write-in line and the center line of the 3rd part is set to b for the line 
breadth of said 1st and 2nd write-in lines. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the non-volatile solid-state memory equipment and the 
magneto-resistive effect component using especially a ferromagnetic tunnel junction with respect to the 
information playback technique in which the ferromagnetic was used. 
[0002] 

[Description of the Prior Art] Magnetic random access memory (Magnetic Random Access Memory; Following 
MRAM and brief sketch) is the generic name of the solid-state memory which can rewrite recording 
information at any time, and can be held and read which used the magnetization direction of a ferromagnetic as 
an informational record carrier. 

[0003] The memory cell of MRAM has the structure which usually carried out the laminating of two or more 
ferromagnetics. The relative configuration of magnetization of two or more ferromagnetics which constitute a 
memory cell performs informational record by making it correspond to the information on binary "1", and "0" 
whether they are parallel or anti-parallel. Therefore, the writing of recording information is carried out to 
therefore making the current field which has been arranged in the shape of a cross stripe and which is written in, 
passes a current on a line and is produced on it reverse the magnetization direction of the ferromagnetic of each 
cel. The power consumption at the time of record maintenance is zero theoretically, and even if it turns off the 
power, it is nonvolatile memory to which record maintenance is performed. The electric resistance of a memory 
cell performs read-out of recording information using the phenomenon of changing with the angular relation of 
the magnetization direction of a ferromagnetic and sense current which constitute a eel, or the angular relation 
of the magnetization between two or more ferromagnetic layers, and the so-called magneto-resistive effect. 
[0004] MRAM is (1) when the semiconductor memory which used the conventional dielectric is compared with 
its function. It is a perfect non- volatile and 1015 times or more of the counts of rewriting be possible. (2) that 
destructive read is possible and it is possible to carry out reading appearance and to shorten a cycle since refresh 
actuation is not needed, and (3) Compared with the memory cell of a charge storage mold, it has many 
advantages, like the resistance over a radiation is strong. It is the degree of integration per unit area of MRAM, 
writing, and reading, and it is expected that time amount can become comparable as DRAM in general, 
therefore, the big feature of a non- volatile — employing efficiently — the outboard recorder for pocket devices, 
and an LSI mixed-loading application — the application to the primary-storage memory of a personal computer 
is expected further. 

[0005] In MRAM to which examination of current utilization is advanced, the ferromagnetic tunnel junction 
(Magnetic Tunnel Junction; Following MTJ and brief sketch) is used for the memory cell (for example, ISSCC 
2000 Digest Paper pp.128 -131 reference). MTJ consists of three layer membranes which mainly consist of a 
ferromagnetic layer / an insulating layer / a ferromagnetic layer, and a current tunnels an insulating layer and 
flows. The resistance of junction changes in proportion to the cosine of the angular relation of magnetization of 
both the ferromagnetism metal layer, and when both magnetization is anti-parallel, it takes the maximal value. 
The magnetic-reluctance rate of change which this is a tunnel magneto-resistive effect, for example, exceeds 
25% in the low field of 50 or less Oes in NiFe/Co/aluminum2 03 / Co/NiFe is found out (for example, IEEE 
Trans.Mag., 33, 3553 (1997) reference). 

[0006] As structure of MTJ, adjoin one ferromagnetic for the purpose of a field sensibility improvement, and 
the antiferromagnetic substance is arranged. In order to improve the thing (for example, refer to 
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Jpn.J.Appl.Phys., 36, and L200(1997).) of the so-called spin bulb structure which made the magnetization 
direction fix, and the bias dependency of magnetic-reluctance rate of change What prepared the tunnel barrier of 
a duplex is known (for example, Jpn.J.Appl.Phys., 36, and LI 380(1 997). reference). 

[0007] However, some technical problems which should be solved in order to develop MRAM with the degree 
of integration of Gbit class are **********. One of them is reduction of a write-in current. At MRAM by 
which the conventional proposal is made, recording layer magnetization of MTJ is reversed by the field which 
passed the current to wiring and this generated in it. 

[0008] Although the generating magnetic field strength from wiring changes depending on the current value of 
wiring, and the distance between wiring-MTJ(s), it is about several Oe/mA about in the example of a report 
known conventionally. Furthermore, the flux reversal threshold (the following switching field Hsw and 
definition) of the recording layer of MTJ increases like a degree type in inverse proportion to the size (following 
cell size w and definition) of the direction of a hard axis of MTJ. 
[0009] Hsw=Hsw0 +A/w (1) 

Here, it is HswO. It is the switching field of bulk. Moreover, A is a constant depending on the configuration of a 

eel, construction material, etc., and the value of A known conventionally is 10-20Oe-mum. 

[0010] The place base and electromigration which considered the dependability of wiring give a limit of - **. It 

[ its ] about 10mA /of current density upper limits in aluminum-Cu wiring and Cu wiring which 

electromigration is accelerated with wiring current density and used for present LSI manufacture is 

[ micrometer ] 2 and about [ 100mA //micrometer ] 2. 

[001 1] When manufacture with 0.1 -micrometer rule required for degree-of-integration implementation of Gbit 
class is considered temporarily, even when Cu wiring is used, the upper limit of the current value which can be 
passed to wiring is about 1mA, and the value of the field which this generates is number Oe extent. On the other 
hand, if the switching field of MTJ with a size of about 0.1 micrometers follows (1) type, it will be set to several 
10 or more Oes. That is, with the present technique, implementation of the Gbit class MRAM is very difficult. 
[0012] In order to solve this point, for example, as a U.S. Pat. No. 5,940,319 number, a U.S. Pat. No. 5,956,267 
number, the Europe patent WO 00/No. 10172, and JP,8-306014,A have a publication, the example which 
prepared the keeper layer thru/or yoke structure by the high permeability magnetic material in the perimeter of 
wiring is proposed. Each of these approaches is completing the magnetic flux generated to the perimeter of 
wiring into a keeper layer thru/or yoke structure, aims at improvement in the field produced near the MTJ, and 
aims at reduction of a write-in current value. 

[0013] on the other hand - of the technical problem of MRAM development — it carries out suddenly and there 
is a problem of the interference at the time of the writing between contiguity eels. That is, in MRAM, it is 
arranged so that two or more write-in lines may intersect perpendicularly in general, and a cross matrix is 
formed. At the time of writing, two write-in lines which intersect perpendicularly are chosen, and the recording 
layer flux reversal of Selection MTJ is produced by the synthetic field which this produces at an intersection. In 
this case, the half-selection eel which receives the field from wiring of one of every direction in addition to a 
selection eel exists. Therefore, in order to prevent the incorrect writing of ** to a half-selection eel, a selection 
eel is reversed at the time of rewriting actuation, it is necessary to rewrite a half-selection eel so that it may not 
be reversed, and it needs to adjust a current value. In a large-scale array, since distribution arises in the 
switching field of MTJ, generally it rewrites and the allowance width of face of a current value becomes very 
small. As a means to solve this, the approach indicated by a U.S. Pat. No. 6,081,445 number, No. 6,134,139, 
and No. 6,005,800 is learned. Each of these writes and changes for the purpose of raising the allowance width 
of face of a rewriting current value, and controls angular relation for the direction of a current at the time, and 
the easy shaft orientations of MTJ suitably. 
[0014] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is (1) in order to develop MRAM of Gbit 
class. Raising the field generating effectiveness from wiring, and (2) In order to prevent the incorrect writing to 
the half-selection eel at the time of writing, it is two big technical problems to raise the allowance width of face 
of a rewriting current value. However, the approach of having the structure suitable for MTJ which is a vertical 
mold current element, and solving the two above-mentioned technical problems is not learned, what was made 
in order that this invention might cope with such a technical problem — it is ~ several — it aims at offering the 
high speed and the magnetic memory apparatus of a low power which have the storage capacity more than Gbit. 
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[0015] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention uses 
the following configurations. 

[0016] Namely, two or more 1st write-in lines by which the 1st magnetic memory apparatus of this invention 
was arranged by the line writing direction on the 1st field, The 1st address decoder which chooses the 1st 
desired write-in line among said two or more 1 st write-in lines, Two or more 2nd write-in lines which are 
arranged in the direction of a train on the 2nd field which is concurrent unlike said 1st field, and intersect said 
two or more 1st write-in lines, In each of the crossing of the 2nd address decoder which chooses the 2nd desired 
write-in line among said two or more 2nd write-in lines, and said 1st and 2nd write-in line The magneto- 
resistive effect component arranged so that it may be inserted into a film surface perpendicular direction by the 
1st and 2nd write-in line is provided, and said 1st and 2nd write-in line is characterized by having the part from 
which the current passed by the line write-in [ both ] at said crossing serves as abbreviation parallel. 
[0017] In the 2nd field top where the 2nd magnetic memory apparatus of this invention differs from two or 
more magneto-resistive effect components arranged in the shape of a matrix on the 1 st field, and said 1 st field 
Two or more 1st writing rays arranged by approaching said magneto-resistive effect component, respectively, 
The 1st address decoder which chooses the 1st desired writing ray among said two or more 1st write-in lines, 
The part which intersects said 1 st writing ray on the 3rd different field from said 2nd field, It is characterized by 
providing the 2nd address decoder which chooses the 2nd desired writing ray among two or more 2nd writing 
rays which have the part which approaches said magneto-resistive effect component on said 2nd field, 
respectively, and becomes parallel to said 1st writing ray, and said two or more 2nd write-in lines. 
[0018] Two or more 1st write-in lines by which the 3rd magnetic memory apparatus of this invention was 
arranged by the line writing direction, The 1st address decoder which chooses the 1st desired write-in line 
among said two or more 1 st write-in lines, Two or more 2nd write-in lines which are arranged in the direction 
of a train and intersect said two or more 1st write-in lines, The 2nd address decoder which chooses the 2nd 
desired write-in line among said two or more 2nd write-in lines, Said 1st [ the ] and the magneto-resistive effect 
component arranged at each of the crossing of the 2nd write-in line, The magnetic circuit holding the generating 
field from said write-in line and the magnetic-flux concentration machine which centralizes the penetration 
magnetic flux of said magnetic circuit on the one direction of said magneto-resistive effect component are 
provided. Said 1st and 2nd write-in line is characterized by having the part from which the current passed by the 
line write-in [ both ] at said crossing serves as abbreviation parallel. 

[0019] The 1st write-in line by which the 4th magnetic memory apparatus of this invention has been arranged 
on the 1 st field, The 1 st part which has been arranged on the 2nd different field from said 1 st field, and has been 
arranged from an one direction vertical to said 1 st write-in line to said 1 st write-in line side- face upper part, The 
2nd part which connects with said 1 st part and laps with said 1 st write-in line, The 2nd write-in line which has 
the 3rd part connected to said 2nd part so that it might become vertical to said 1st write-in line in the side face 
by the side of said 1 st part and reverse, Be caught between said 2nd part of said 1 st write-in line and said 2nd 
write-in line. The magneto-resistive effect component connected to either of said 1 st and 2nd write-in lines is 
provided. When the minimum distance of the center line of the 1st part of a and said 2nd write-in line and the 
center line of the 3rd part is set to b for the line breadth of said 1st and 2nd write-in lines, it is characterized by 
having the relation it is unrelated 2 a>b>0. 

[0020] The following are mentioned as a desirable operation gestalt of this invention here. 
[0021] (1) A tunnel magnetic resistance element should be spin bulb structure which had much more tunnel 
barrier and has arranged the recording layer which consists of a fixing layer to which the laminating of the high 
coercive force layer which contains further at least the ferromagnetic alloy or multilayer which contains Fe, 
nickel, and Co in one side of the tunnel barrier, and antiferromagnetic substance thin films, such as PtMn, was 
carried out, and the ferromagnetic alloy or multilayer which already contains Fe, nickel, and Co in an end. 
[0022] (2) A tunnel magnetic resistance element should be dual spin bulb structure which has arranged the 
recording layer to which it has the tunnel barrier of a bilayer and the high coercive force layer which contains 
further at least the ferromagnetic alloy or the ferromagnetic multilayer which contains Fe, nickel, and Co in the 
both sides of the tunnel barrier, and antiferromagnetic substance thin films, such as PtMn, turns into a fixing 
layer by which the laminating was carried out, and the middle class inserted into the tunnel barrier from the 
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ferromagnetic alloy or multilayer containing Fe, nickel, and Co. 

[0023] (3) The end of a tunnel magnetic resistance element should be connected to a touch-down edge, and the 
other end should be connected to the power-source edge through one write-in line. 
[0024] (4) Two or more tunnel magnetic resistance elements should connect with one write-in line at 
juxtaposition, and read this wiring and function also as wiring. 

[0025] (5) Reading appearance of the data of the magnetic selected memory cell should be carried out from the 
value of the voltage drop produced in the current value thru/or this memory cell which flows to this memory 
cell. 

[0026] (6) Although a train write-in line and a line write-in line run to abbreviation parallel near the tunnel 
magnetic resistance element, where two or more magnetic memory cells are arranged, serve as arrangement 
which carries out an abbreviation rectangular cross. 

[0027] (7) A write-in line is arranged ranging over two or more flat surfaces. 

[0028] (8) Write-in line breadth and spacing are differing in the line writing direction and the direction of a 
train. 

[0029] (9) Cel selection at the time of writing should be performed by giving the line and the train address of a 
selection eel to the address decoder of a row and column, respectively, and should be performed by controlling 
the current value and direction which flow on a train write-in line and a line write-in line. 
[0030] (10) A magnetic circuit and a magnetic concentration machine should consist of a with an initial 
permeability of ten or more soft magnetic material. 

[0031] (11) The high coercive force film should consist of a multilayer which contains further antiferromagnetic 
substance thin films, such as a ferromagnetic alloy containing Fe, nickel, and Co, a multilayer, or PtMn, at least. 

[0032] 

[Embodiment of the Invention] With reference to a drawing, a book explains the gestalt of implementation of 
invention below. 

[0033] (1 st operation gestalt) Drawing 1 is the top view showing typically the cell layout concerning the 1 st 
operation gestalt of this invention. Moreover, drawing 2 (a) is drawing which drawing 2 (b) swerved from the 
cross section of the memory cell corresponding to profile line B-B' of drawing 1 for the cross section of the 
memory cell corresponding to profile line A- A' of drawing 1 , swerved from it, and was shown. In addition, 
drawing 1 shows the top view seen from the substrate side side (below) in order to make an understanding easy. 

[0034] As for the 2nd write-in line, and 101 and 102, for 1 1 and 12, in drawing 1 , a ferromagnetic tunnel 
junction component, and 31 and 32 are [ the 1st write-in line, and 21 and 22 ] contact holes. Moreover, as for a 
lower electrode, and 501 and 502, in drawing 2 (a) and (b), 41 is [ the diffusion field of a selection transistor 
and 51 ] the word lines of a selection transistor. The 1st write-in line and the 2nd write-in line are insulated 
electrically. Moreover, it has connected with a tunnel junction component and an electric target, and the 2nd 
write-in line is making the data line serve a double purpose. 

[0035] As shown in drawing 1 , the storage cell in the magnetic memory apparatus of this operation gestalt 
mainly consists of the 1st write-in line and the 2nd write-in line. It swerved from the 1st write-in line and the 
2nd write-in line, and it is arranged at a flat surface which swerves and is different, and the configuration whose 
tunnel junction component the film surface perpendicular direction pinched is taken. In addition, the 
configuration of reverse is also possible although drawing 2 shows the configuration which has the 2nd write-in 
line in the upper layer of the 1st write-in line. 

[0036] If the 1st write-in line and the 2nd write-in line are looked down at them and seen, they lie at right angles 
mutually and constitute the cross matrix. On the other hand, near the crossing, the 1 st write-in line and the 2nd 
write-in line are running to parallel. After the 1st write-in line's running to fixed die-length parallel, the 1st 
write-in line has the zigzag-like configuration as deflection and a result at the right angle. The 2nd write-in line 
is a straight line in a memory array field. 

[0037] The tunnel junction component is arranged to the field the 1st intersectional write-in line and the 2nd 
write-in line are running to parallel. The direction of an easy axis of a tunnel junction component is arranged at 
right angles to the 2nd write-in line transit direction. 

[0038] In this operation gestalt, the 1st write-in line and the 2nd write-in line are formed by width of face F 
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(minimum line width in a design rule), and the area of a storage cell is 10F2. It becomes. 
[0039] Drawing 3 shows the configuration of the memory cell block concerning the operation gestalt of this 
invention in ** type. As mentioned above, the 1st write-in line and the 2nd write-in line were written in through 
an address decoder which lies at right angles and is different, and are connected to a line driver. Two address 
decoders are connected to an I/O line, respectively. Write-in addressing to the memory cell of arbitration is 
attained by for example making an upper address and a lower address by this correspond to the 1st and 2nd 
write-in line selection among the signals from the address bus of an I/O line, respectively. 
[0040] A tunnel magnetic resistance element has much more tunnel barrier, and it is already desirable that it is 
the spin bulb structure which has arranged the recording layer which consists of a fixing layer to which the 
laminating of the high coercive force layer which contains further at least the ferromagnetic alloy or multilayer 
which contains Fe, nickel, and Co in one side of the tunnel barrier, and antiferromagnetic substance thin films, 
such as PtMn, was carried out, and the ferromagnetic alloy or multilayer which contains Fe, nickel, and Co in 
an end. 

[0041] A tunnel magnetic resistance element has the tunnel barrier of a bilayer. On both sides of the tunnel 
barrier Moreover, Fe, The fixing layer to which the laminating of the high coercive force layer which contains 
further the ferromagnetic alloy or the ferromagnetic multilayer containing nickel and Co, and antiferromagnetic 
substance thin films, such as PtMn, at least was carried out, If it has the dual spin bulb structure which has 
arranged the recording layer which turns into the middle class inserted into the tunnel barrier from the 
ferromagnetic alloy or multilayer containing Fe, nickel, and Co Since the reduction of magnetic-reluctance rate 
of change to component applied voltage can be reduced and pressure-proofing can be raised, it becomes a 
desirable gestalt. 

[0042] Next, the approach of the writing of the information in this operation gestalt is explained using drawin g 
4 . Drawing 4 (a) (b) The approach ( drawing 4 (a)) of writing in used conventionally is compared with the 
approach ( drawing 4 (b)) of this operation gestalt. Taking the case of drawing 4 R> 4 (a), the conventional 
example is explained first. 

[0043] The magnetization process of the ferromagnetic of SAPUMI kuron size used for MRAM can assume and 
explain the simultaneous revolution of the magnetization under existence of uniaxial anisotropy. When the 
threshold (the following switching field Hsw and definition) of the flux reversal in that case is set to Hsw, Hsw, 
and the difficult shaft-orientations field Hx and the easy shaft-orientations field Hy have the relation of a degree 
type. 

Hx2/3+Hy2/3=Hsw2/3 (2) 

Drawing 4 (a) shows (2) types in ** type. 

[0044] In the conventional example, the value of an one direction field (Hx, Hy) is decided that the synthetic 
field of its that exceeds a threshold using the rectangular field of two directions. With the array structure of a 
cross matrix type, the half-selection eel from which only difficult shaft orientations receive the field of only 
easy shaft orientations exists. When an ideal magnetization simultaneous revolution is assumed, the incorrect 
write-in margin to a half-selection eel serves as the maximum by Hx=Hy . Therefore, the conditions of Hx=Hy 
are kept general and write-in actuation is performed. 

[0045] The minimum values Hxmin and Hymin of an one direction field are [ (2) types and ] Hx=Hy when an 
ideal magnetization simultaneous revolution is assumed. (3) 

** 2 formula is solved, and it is obtained and is set to Hxmin=Hymin=2-3/2Hsw**-0.35Hsw. The value of a 
field is reduced compared with the case where one half 0.5Hsw of a switching field is compounded simply. 
[0046] Next, the approach of this operation gestalt is explained using drawing 4 (b). It is the big description that 
place near the tunnel junction component and the 1st write-in line and the 2nd write-in line are running to 
parallel with this operation gestalt. However, it has the include angle of finite to the field in which the 1 st write- 
in line generates the direction of the field which the 2nd write-in line and the field which is running to parallel 
are restricted, and is actually generated from the 1 st write-in line from the 2nd write-in line. 
[0047] This point is again explained using drawing 5 (a), (b), and (c). That is, as shown in drawing 5 (a), in the 
bending field of the 1st write-in line, a current inclines aslant and flows. This can understand the path of 
impedance min to be what had priority and flowed, although it becomes complicated since current distribution 
arises in wiring actually — the angular relation of the generating fields Hx and Hy from the 1 st write-in wiring 
and the 2nd write-in wiring — the 1 st approximation — the wiring width of face a — bending — the manager — it 
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is good noting that it is decided by include-angle theta=tan -1 (b/a) decided by b. 

[0048] In this case, eel selection by the field from the 1st and 2nd write-in wiring is performed as follows. As 
shown in drawing 4 (b), the field Hy from the 2nd write-in line is parallel to an easy axis. For example, if the 
radii of a radius Hxmin are written from the head y=Hymin, the radii intersect the switching curve of (2) types. 
That is, the synthetic field is over the switching curve and reversal of magnetization arises. Thus, what is 
necessary is to write the radii of a radius Hx from the head of Hy, and just to set Hy and Hx that the radii 
intersect a switching curve. Whenever [ angular relation / of Hx and Hy ] is set to the range of two intersections 
of radii and a switching curve. The incorrect write-in margin to a half-selection eel serves as the maximum by 
Hx=Hy like the conventional example. 

[0049] In drawing 4 (a) and (b), all of Hx and Hy are plotting as the same die-length 2-3/2 Hsw. With this 
operation gestalt, in the range of theta= 20-90 degrees of outlines, radii crossed the switching curve, and have 
spread outside, and it is shown that allowances have arisen in the write-in field so that drawing 4 R> 4 (b) may 
show. The exact range is given as a solution of (2) types and the following (4) types. Hx2+(Hy-2-3/2Hsw)2=(2- 
3/2Hsw) 2 It is possible to reduce the current value which writing takes compared with the conventional 
example by (4), i.e., this operation gestalt, and this is the big advantage of this invention. 

[0050] Moreover, it writes in so that drawing 4 (b) may show, and as for a current value, the angular relation of 
Hx and Hy serves as max at about 45 degrees. The angular relation which gives max can be asked if the value 
of Hx and Hy is decided, it has come out of such angular relation to control by the wiring configuration as 
mentioned above. Drawing 5 (b) is the example which both made equal the wiring width of face a and bending 
die-length b, and set angular relation as 45 degrees. Moreover, drawing 5 (c) is not right-angled in the bending 
section, and is the example which gave and formed the inclination of 45 degrees. Thus, it is the big advantage of 
this invention that the optimal write-in operating point can be set up by controlling the configuration of the 
wiring bending section. 

[005 1 ] When line breadth of a 2 write-in line is set to a and bending die length (distance between two parallel 
line center lines of a bending line) is set to b as mentioned above, as for drawing 5 (a), b=2a, drawing 5 R> 5 
(b), and (c) serve as b=a. Since the effectiveness of this invention will be acquired if it becomes slanting a little, 
since one current path of two crossing write-in lines is vertical, it is desirable to have the relation it is unrelated 
2 a>b>0. 

[0052] However, the actuation which made Hx and Hy parallel by making bending section die length 
sufficiently longer than wiring width of face, and using magnetic shielding like the after-mentioned etc. is also 
possible. 

[0053] (2nd operation gestalt) Drawing 6 is the top view showing typically the cell layout concerning the 2nd 
operation gestalt of this invention from a substrate side side. Drawing 7 (a) is drawing having shown the cross 
section of the memory cell corresponding to [ in drawing 7 (b) ] profile line B-B f of drawing 6 for the cross 
section of the memory cell corresponding to profile line A- A' of drawing 6 , respectively. As for the 2nd write- 
in line, and 101 and 102, for 1 1 and 12, in drawing 6 and 7, a ferromagnetic tunnel junction component, and 41 
and 42 are [ the 1st write-in line, and 21 and 22 ] lower electrode wiring. The 1st write-in line and the 2nd 
write-in line are insulated electrically. Moreover, it has connected with a tunnel junction component and an 
electric target, and the 2nd write-in line is making the data line serve a double purpose. 

[0054] With this operation gestalt, a eel selection transistor is not prepared but a tunnel junction component is 
arranged at the crossing of the cross matrix which consists of the 2nd write-in line which makes the data line 
serve a double purpose, and lower electrode wiring. Although it is also possible to omit lower electrode wiring 
with this operation gestalt, to carry out to connect the 1st and 2nd write-in wiring etc., and to arrange a tunnel 
junction component, caution is required for the potential difference during write-in wiring produced at the time 
of writing. In that case, means, such as connecting to a tunnel junction component the component which has 
rectification in a serial, giving rectification to a tunnel junction component, thru/or avoiding high-tension 
impression by the circuit-device, can be used. 

[0055] In this operation gestalt, the 1st write-in line and the 2nd write-in line are formed by width of face F, and 
the area of a storage cell is 8F2. It becomes. In order not to use a eel selection transistor, compared with the 1st 
operation gestalt, eel area is reduced, because the contact formation to a lower part semiconductor device from a 
tunnel junction component is unnecessary. In addition, the area of a storage cell changes also with the 
configurations of the bending section. When it bends so that the angular relation of Hx and Hy may be brought 
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close to 45 degrees, and section die length is shortened, eel area is also reduced and it is desirable. 
[0056] (3rd operation gestalt) Drawin g 8 is the top view showing typically the cell layout concerning the 3rd 
operation gestalt of this invention. Since an easy axis is stabilized by the longitudinal direction by shape 
anisotropy in a rectangular ferromagnetic, to memory cell application, it is desirable. As an aspect ratio, 1.5 or 
more are desirable, and three to about four are suitable. What is necessary is just to design an aspect ratio and a 
eel configuration so that it may become the property of a request of a cel. 

[0057] With this operation gestalt, 3 was assumed as an aspect ratio of a tunnel junction component. Width-of- 
face 3F and the 1st write-in line are formed for the 2nd write-in line by width of face F by width-of-face 3F and 
the rectangular field in the parallel field, and the area of a storage cell is 20F2. It becomes. 
[0058] If wiring formation is performed like this operation gestalt using width of face which swerves, and 
swerves and is different in a parallel field and a rectangular field, it can be said that it is a gestalt possible 
[ reducing eel area substantially ] and desirable. 

[0059] (4th operation gestalt) Drawing 9 is the top view showing typically the cell layout concerning the 4th 
operation gestalt of this invention. 

[0060] The fundamental eel arrangement in this operation gestalt is the same as that of the 3rd operation gestalt. 
It is the big description that the end is connected in the memory cell array exterior, and the 2nd write-in line 201 
and 202 forms the common write-in line 23 with this operation gestalt. With such a configuration, 
complementary writing is realizable to the tunnel junction components 101 and 102 by writing in the 1st write- 
in line 1 1 and common write-in line 23, and passing a current. 

[0061] In addition, with this operation gestalt, although the common write-in line was formed in the 2nd write- 
in line, this may be formed by the 1st write-in line. Namely, the magnetization directions of the recording layer 
of the adjoining eel should just always be anti -parallel. In addition, it cannot be overemphasized that the 
structure of filling this is included in this invention in the range which does not deviate from the meaning of this 
invention. 

[0062] With this operation gestalt, 3 was assumed as an aspect ratio of a tunnel junction component. Width-of- 
face 3F and the 1st write-in line are formed for the 2nd write-in line by width of face F by width-of-face 3F and 
the rectangular field in the parallel field, and the area of a single storage cell is 28F2. It becomes. 
[0063] (5th operation gestalt) Drawing 10 is the top view showing typically the cell layout concerning the 5th 
operation gestalt of this invention. 

[0064] With this operation gestalt, the 1 st write-in line and the 2nd write-in line have its same serrate 
configuration of its, and 90 degrees of each rotating and crossing is the description. With this operation gestalt, 
two kinds of fields the 1st and 2nd write-in line runs to parallel exist. That is, - ** is the field specified with the 
broken line which encloses the tunnel junction component 101 among drawing, and the 1st write-in line and the 
2nd write-in line are running vertically the bottom side of space. Another side is the field specified with the 
broken line which encloses the tunnel junction component 102 among drawing, and the 1st write-in line and the 
2nd write-in line are running to parallel the bottom side of space. At this operation gestalt, for the aspect ratio of 
a tunnel junction component, it is formed at F and the area of a storage cell is [ the width of face of the 1 1 st, 
and 2nd write-in line ] 8F2. It becomes. 

[0065] As for the tunnel junction components 101 and 102 arranged to a different field, 90 degrees of the easy 
axes need to differ. Although the aspect showed the appearance of the tunnel junction component of 1 by 
drawing 10 , this operation gestalt is not restricted to this. Control of an easy axis can realize a eel configuration 
easily by changing as mentioned above. Moreover, the crystal magnetic anisotropy of the ferromagnetic which 
may use magnetic association with the 3rd ferromagnetic, and constitutes a component in addition to a eel 
configuration may be used. 

[0066] The two modes exist in the incorrect writing to a half-selection cel. One is the case where flux reversal 
arises by the one direction field at the time of half- selection, and when the flux reversal which accompanies this 
in domain wall displacement arises, the creep which poses a problem is also included. It is possible to make 
small the field which starts a half-selection eel compared with the conventional example at the time of writing 
in this invention, and it is possible to make higher the incorrect write-in margin in this mode. 
[0067] On the other hand, - ** is already a case which a half-selection eel reverses by the leakage field of a 
from near the selection cel. This is the case where the half-selection eel which senses Hx is reversed with 
leakage of Hy concerning a selection cel. This is incorrect writing produced in the nearest-neighbors eel of a 
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selection eel, and the probability of occurrence is high compared with a previous incorrect write mode. 
[0068] With this operation gestalt, when the tunnel junction component 101 is chosen, for example, 90 degrees 
of the easy axes of the tunnel junction component 102 and the easy axes of the tunnel junction component 101 
in the 1st write-in wiring 1 1 which were half-chosen differ from each other. Furthermore, it is arranged with 
offset in the tunnel junction components 101 and 102x and the direction of y. Therefore, the leakage field from 
the 2nd write-in wiring 21 is impressed in an easy axis and the direction of a hard axis with its include angle of 
its to the half-chosen tunnel junction component 102. Therefore, it is able to make **** and an incorrect write- 
in margin higher to lower the value of an effectual leakage field. 

[0069] With this operation gestalt, although the 1st and 2nd write-in line has the serrate configuration, a 
different gestalt from this is also realizable. (1) That the easy axis of the adjoining eel has angular relation, and 
(2) that the adjoining eel has offset as for x and the direction of y, and ******** „ or if both sides can be 
realized, it is possible to raise an incorrect write-in margin. [ namely, ] It cannot be overemphasized that the 
structure of filling this is included in this invention in the range which does not deviate from the meaning of this 
invention. 

[0070] (6th operation gestalt) Drawing 1 1 is the top view showing typically the cell layout concerning the 6th 
operation gestalt of this invention from a substrate side side. Drawing 12 (a) is drawing which drawing 12 (b) 
swerved from the cross section of the memory cell corresponding to profile line B-B ? of drawing 1 1 for the 
cross section of the memory cell corresponding to profile line A- A' of drawing 1 1 , swerved from it, and was 
shown. 

[0071] As for the 2nd write-in line, and 101 and 102, for 1 1.12, in drawing 1 1 , a ferromagnetic tunnel junction 
component, and 31 and 32 are [ the 1st write-in line, and 21 and 22 ] contact holes. Moreover, as for a lower 
electrode, and 501 and 502, in drawing 1 1 (a) and (b), 41 is [ the diffusion field of a selection transistor and 51 ] 
the word lines of a selection transistor. The 1st write-in line and the 2nd write-in line are insulated electrically. 
Moreover, it has connected with a tunnel junction component and an electric target, and the 2nd write-in line is 
making the data line serve a double purpose. 

[0072] In drawing 1 1 and 12, in a lower magnetic circuit and 602, a magnetic-flux concentration machine and 
603 are up magnetic circuits, and, as for 601 , they constitute magnetic shielding 61 .62. 

[0073] The fundamental eel arrangement in this operation gestalt is the same as that of the 3rd operation gestalt. 
It is in magnetic shielding being prepared in the 1 st write-in wiring and the 2nd write-in wiring near the tunnel 
junction component with this operation gestalt. Magnetic shielding of this operation gestalt converges the field 
from two wiring near the tunnel junction component using a lower magnetic circuit and an up magnetic circuit, 
respectively, and has the structure impressed to this component with a magnetic- flux concentration vessel. 
[0074] Magnetic shielding is formed in parallel at the 1 st and 2nd write-in line. The direction of a generating 
field of the 2nd write-in line and the easy axis of magnetic shielding are parallel, the die length — at least — the 
direction die length of a write-in line of a component — a certain thing is desirable 1 .5 or more times. 
[0075] nickel radical alloys, such as a permalloy which is a high permeability magnetic material as construction 
material used for magnetic shielding, and Mo addition permalloy, Sendust, and fine one — Fe radical alloys, 
such as a helmet, can be used. Moreover, it is possible to also use oxide ferromagnetics, such as a ferrite. 
[0076] The pulse width of the write-in current in MRAM write-in actuation is usually 100 or less ns. Therefore, 
magnetic-shielding material needs to have the property that the magnetization response can be followed, to a 
write-in current pulse. The object to (1) That initial permeability is at least 100 or more and (2) That saturation 
magnetization is small and (3) It is desirable to fill thing ** with the high specific resistance of an ingredient. 
Adding the additive which adds an additive to said alloy in order to fulfill these conditions, and is easy to make 
grain boundary precipitate, such as metalloids, such as Si and B, and Cu, Cr, V, it is a desirable gestalt to form 
the microcrystal aggregate of this alloy and AMORUFASU. 

[0077] Moreover, it is more desirable to optimize a configuration in order to perform magnetic-domain control 
in magnetic shielding. 

[0078] Magnetic shielding is (1). In order to complete the magnetic flux produced to the perimeter of wiring all 
over a magnetic circuit, (2) which can impress the generating field from wiring to a tunnel junction component 
efficiently Using a magnetic-flux concentration machine, the penetration magnetic flux of a magnetic circuit by 
optimizing structure so that it may impress effectively near the component (3) which can aim at field 
enhancement of a layer Since it is possible to intercept the magnetic leakage flux from wiring in a magnetic 
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circuit, it has the effectiveness that the incorrect write-in margin to a half-selection eel can be raised. It is (3) 
when the tunnel junction component has the structure thoroughly covered with the up magnetic circuit and the 
lower magnetic circuit like especially this operation gestalt. It not only can heighten effectiveness more, but it 
has the new advantage of having the effectiveness of magnetic shielding over an external magnetic field. 
[0079] Although a component parallel to the direction Hy of a generating field of the 2nd write-in line among 
the fields Hx generated in the bending part of the 1st write-in line is reinforced with magnetic shielding in the 
cellular structure of this operation gestalt shown in drawing 13 , a component vertical to Hy is not reinforced 
with magnetic shielding. That is, magnetic shielding of this operation gestalt has the function which chooses 
and reinforces only an one direction component among the fields of the direction of arbitration from wiring. 
[0080] (7th operation gestalt) With the 6th operation gestalt, since a component parallel to the direction Hy of a 
generating field of the 2nd write-in line among Hx(es) is reinforced, the field component of the direction of a 
hard axis becomes very small effectually. Similarly, when the field component of the direction of a hard axis 
from wiring is very small, or when the field component of the direction of a hard axis does not exist, if 
operating point setting out which was explained in full detail with the 1 st operation gestalt remains as it is, it is 
difficult. 

[0081] In order to improve this, it is effective to arrange the bias film 701 and 702 for the tunnel junction 
component 101 in near, as typically shown in drawing 14 (a) and (b), and to impress a bias field to component 
difficult shaft orientations. The magnetization direction of the bias film 701 and 702 is good to carry out in the 
direction of a field to impress to a tunnel junction component. For example, what is necessary is just to use the 
magnetization direction of the bias film as a hard axis at parallel, in order to impress a field to the difficult shaft 
orientations of a tunnel junction component. 

[0082] The approach of adjoining the tunnel junction component 101 and arranging as arrangement of the bias 
film 701 and 702, as shown in drawing 14 (a), and the approach of overlapping a tunnel junction component 
and arranging, as shown in drawing 14 (b) exist. 

[0083] Although the former is easy to control since the reinforcement of a bias field changes depending on 
spacing of the tunnel junction component 101 and the bias film, it is difficult the former to strengthen 
magnitude of a bias field. 

[0084] The latter can consider three kinds in case magnetic association hardly exists, when association between 
layers which minded the nonmagnetic membrane and the insulator layer when a tunnel junction component, 
101, and the bias film 701.702 were carrying out direct exchange association further exists. When a certain 
magnetic association exists between the tunnel junction component 101 and the bias film 701 and 702, 
magnitude of a bias field can be strengthened enough and it is advantageous. Moreover, magnetic-domain 
control produced at the edge of the tunnel junction component 101 can also be performed effectively. 
[0085] As bias film, it is (1). A high coercive force magnetic film with coercive force higher than the tunnel 
junction component 101, and (2) It is possible to use two of soft magnetism film with coercive force lower than 
the tunnel junction component 101 . 

[0086] (1) In a ** case, the bias film can also be arranged inside the magnetic concentration machine 602 which 
forms magnetic shielding 61 . In that case, it is required for the magnitude of the anisotropy field of the bias film 
to be fully larger than the magnitude of the generating field of the magnetic concentration machine 602 interior. 
[0087] As such bias film, the cascade screen of the antiferromagnetic substance, such as a CoPt alloy, a hard 
magnetism alloy like a Co/Pt multilayer, a multilayer, a multilayer that has strong association between layers 
like a Co/Cu multilayer, and PtMn, and a hard magnetism alloy etc. can be used, for example. In this case, it is 
required for membranous saturation magnetization to be large enough besides having a big anisotropy field. 
[0088] (2) It is difficult for a ** case to arrange the bias film inside the magnetic concentration machine 602 
which forms magnetic shielding 61, and it necessary to arrange to the exterior. In the magnetic concentration 
machine 602 exterior, the direction of line of magnetic force has the component of the direction of a hard axis 
of a tunnel junction component from the effect of the edge magnetic pole of the magnetic concentration 
machine 602. By using for the bias film soft magnetism film which flux reversal produces in the hard axis of a 
tunnel junction component by this direction component of a hard axis, an effective difficult shaft-orientations 
bias field can be given. 

[0089] as such bias film — for example, a NiFe alloy and ** ~ a soft magnetism alloy [ like ] and an amorphous 
alloy can be used. In this case, it is required for membranous saturation magnetization to be large enough 
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besides having high initial permeability. 

[0090] The eel selection actuation at the time of impressing such a bias field is explained using drawing 15 . 
Here, suppose that the 1st and 2nd write-in line of the generating field is parallel to the easy axis of a tunnel 
junction component by existence of magnetic shielding. Since the difficult shaft-orientations field Hb exists in a 
selection eel in addition to field Hx+Hy of easy shaft orientations as shown in drawing, a switching threshold is 
exceeded in a synthetic field. On the other hand, in a half-selection eel, the field of easy shaft orientations is 
either Hx or Hy, and even if it compounds the difficult shaft orientations Hb to it, it does not exceed a switching 
threshold. 

[0091] If a bias field is impressed with the bias film like this operation gestalt, it is possible to reduce the 
current value which writing takes. By reducing a current value, not only reduction of power consumption but 
improvement in the incorrect write-in margin of a half-selection eel and improvement in a wiring life are 
expected, and the effectiveness becomes very large. 

[0092] (8th operation gestalt) Drawing 16 is the top view showing typically the cell layout concerning the 8th 
operation gestalt of this invention from a substrate side. Drawing 17 (a) is drawing which drawing 17 (b) 
swerved from the cross section of the memory cell corresponding to profile line B-B' of drawing 16 for the 
cross section of the memory cell corresponding to profile line Al A' of drawing 16 , swerved from it, and was 
shown. 

[0093] As for the 1st write-in line, and 21 and 22, in drawing 16 , the 2nd write-in line, and 101 and 102 are 
[ 1 1 and 12 ] ferromagnetic tunnel junction components. Moreover, as for a lower electrode, and 501 and 502, 
in drawing 17 (a) and (b), 41 is [ the diffusion field of a selection transistor and 51 ] the word lines of a 
selection transistor. It connects electrically through the lower electrode and the tunnel magnetic resistance 
element, and the 1st write-in line and the 2nd write-in line are making the sense current circuit to a tunnel 
junction component serve a double purpose. 

[0094] In drawing 16 and 17, 601 is a lower magnetic circuit, 602 is a magnetic-flux concentration machine, 
and they constitute magnetic shielding 61 and 62. 

[0095] Although this operation gestalt has the 6th fundamentally same operation gestalt and configuration, it is 
the description that the 1 st write-in line and the 2nd write-in line are located on the same flat surface [ near the 
tunnel junction component ], and it is suitable for application for a granular tunnel junction component and a 
flat-surface mold tunnel junction component like a lamp edge mold to which tunnel current flows in an 
abbreviation film surface. 

[0096] Although the potential difference arises between the 1 st and 2nd write-in line at the time of writing, it is 
the object which mitigates the effect of the leakage current by it, component destruction, etc., and a desirable 
gestalt constitutes the lower electrode 41 from a component with rectification. 
[0097] 

[Effect of the Invention] As explained in full detail above, according to this invention, it becomes possible to 
raise the field generating effectiveness from wiring, and to raise the allowance width of face of a rewriting 
current value, in order to write in further and to prevent the incorrect writing to the half-selection eel at the time, 
and the effectiveness is dramatically large. 

[Translation done.] 
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in the whole memory region and form cross point type 
arrangement, so that cell selection is facilitated. 
Magnetic shield and a bias film may be used also. 
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*lfttt«fttttelftift£*t-CI^$. 2 

[0 0 5 4] ^HJS^fST-f*, -fe/i-IRh7^^lr 

40 Kitrteb-f, hy^^f^itf-^H^ilts 

SS 2 TSBm&EiSl;&»<b&5* n*^y h 

S#ji^B#{c^CSS#^E«l^om{i3l(caSi5 5 ^ 

so [0055] *m&i&mxte. % 1 9$ 2 
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WiXftaJ9»©««»Cj:o-Ct*ik-*-«. Hx, Hy© 

[0056] (^3 ontt««) si 8 \**&m<nm 3 

fc5„ Jg»©H«ttff-CH:» «f«**ttfc J: 

Lir\, T*^* hJti: Ulil. 5gl±is»* 

[00 5 7] #HiSJ8«-ett, h >*/Hg-£-iff^<OT ^ 
hifci LT3£r<K5£Lfc,, $2 0>*$&*lft»:N(3 
F. miOStii^ij&l*, ¥fHH«-eW:«3F, 

F T-^fiK SftTi39, E«-fe/KOffiar± 2 0 F 

[0058] *mvmi&<r>£ o k, w-nmm. m&m® 
r. t t^mx-h 9 »* uv^mt? as> 

[0 0 5 9] («4O*M0»«II) H9tt**W©*4«> 
X'foZ, 

[0 0 6 0] **Jt»«»!it5»t5**«I*-feA«ltH:JS 

3<Dmi&Mmtm-xhz> 0 *mMmmx\*m2<Dm£ 

Mi2 0 1> 2 0 2d5^^y t;U7 U-ffl-ginciSH^T 
5rt^#i#ft?fe5„ r©J:5fc*J*-Ctt, ^1 
gs^ffii-i ticiu. hy^^IT-ioi, 10 2 

[0 0 6 1 ] fc*S#30S7BtR-CH:, SB 2 ©»# 

[0 0 6 2] ^Iliit'li, h ^*/U&&m?<OTX 
*<9 b&b Lt 3£<g5tLfce, ^2©S#ii^«<§3 

t&Xtti&FX'i&l&ZtlXtS 9 . JJt-Oiait-fe/K^BSaB: 
2 8F 2 <t&5o 

[0 0 6 3] (91 5 0>&2&gJR) El 1 0tt*«M©JB 5 
[0 0 6 4] **J6»t8-e», fS10>»#3&*ISL ?fS2 



(7) #|H§ 2002-289807 

12 

5„ **Ms»tB-Ctt«f l » m2ro##^^*s^fi : »cjfe 
v^Ste*?- 1 0 1 Sr«i9HtriR«l-eaS5*tfc«« 

1 0 2 9 HtrfR»-ca£3*xfc«*fi-C*> 
9, JSl03»#ii**tJB2©»*ii*«U4, SSBTffi 

^©7^^^ Mfc#l, SSI, S5 2<E»S#ii;W6§l<£>*I 

a*F-e«j*sjxr*5 9. fEti-fe^wffia«8 f ! 

[0 0 6 5] **5«#KE«$ftfc hi'JM'SS'* : f- 
101, 1 0 2fi-t<D8fcf|;5§^ttas 9 0" S4oTV^ 

ifits* J *>5. lai o-ettr*^ h^ich^g^ 

[0 0 6 6] flR-fe/^©Ki# ji^lctt-o©*— 

30 tg-C*fo5o 

[0 0 6 7] — h S^-fe 

[0068] *mmi&mxt±. h ^^^m&m* 

lOlSrl^Ufct^, Bl»##ii^.|H^l 1 
^5S^*Jxfc h^/ug^l 0 2<Dmt®M®lb b 

40 o i ©sm«ni9 0' s^^or^^ 

5o * b\Z b^*Asm&$&-l 0 1 , 1 0 2ttx, 

©»#a*B»2 i*»e>oai»a*H:, ^ii^sttfch 
^^Sf-S-*?- 1 o 2tr#L-c, Ifttli, ^bsm 

^vt: i 9 ffi < ^ b iinimxh 5. 
[0 0 6 9] *|SE*»|»-eH:» « 1 , $2©f#^» 

50 m%L^mx*&>?> Q i-/j:fo*>a) p^-rs-fe/ucom^a 
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tti&Mssasrfl-L-ci^s::^ (2) Rgrrs-tr/uas x , 

[0 0 7 0] (SS 6 (DmMBM) 11 1 1 6 <D 

\C7jk-t¥-&mX'3bZo 1112 (a) ttH 1 1 raegfffi^A 
-A ' tcitJS-rS^^y -fe/KOSrffiS:. HI 2 (b) I* 10 
ill©grIiB-B' lc*N£-r5*^y-fe/uro»f®£: 

[0 0 7 1 ] mi 1 kjs^t, 11. i2ttliroif 
ii^iSL 2 1, 2 2«:^2£>S#&**§U 10 1, 10 
2 »4»«tt h ^/uas**^, 3 1, 3 2li="^^^h 
/W-Cfc5o Still (a) , (b) K:*5V->T4 1 
fiTSBH;^, 5 0 1, 5 0 21*51^ Y^^'y^^n^im. 
®*3e, 5 1liMh7^^©!7-KSffe5. fl 

tv^ D £fc$fl 2 ©ftii^li h^/vg^S^iS 20 
«. W I^SStt L T *S 9 7*- * «l £ L T V *5 . 

[0 0 7 2] 11 1 1 , 12 KioVT , 601 ttTSC^ 
HISS, 6 0 2 teBSJtdfc<f>3£, 6 0 3 tt±g|5^[5]SST'fc 
0, -tit /WK6 1 . 6 2 £-«/£U-CV^. 

[0 0 7 3] *0|ji6^1&K:fctt5S#ttft*;WfBett:SS 

[0 0 7 4] flJE*^— KttJB 1,^2 0>»Si&*»»C 

<C<T1>5!f^<75S#ji^^lS)ft$i©l. 5«W±fc5 
[0 0 7 5] Bm->— /wKJcffl^bftSfl-fli: LTJ*, 
-</i^Nil^ -fevy^K ^T'f V* hfcif 40 

[0 0 7 6] MR AMS#3i*»^tw*3tt5##)i^-« 
SfEcTV-Vi'^ffittilfiri 0 0 n s£(Tt-fe5. *:<Dtz£>m. 

(1) «JS^dS^*< tt 1 0 0£l±T-fc 
(2) fflfp^WS/h$v>r t, (3) *m«>jfclg«; 
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S i , BlfGD^n^ K, SfcCu. C r , V4£<£»&# 
5. 

[0 0 7 7] KrtO«EIWtP«rff ? i 

[0 0 7 8] JK^V-^Ktt, (1) EttRHfc&C&tt 

srawsttm hv^gf-g-m^icpnin-ets, (2) mmM 

BMW*-* i «jgSr*3a<kf -5 r fC, B<o«:#*i 
3SaMa*t5, (3) Ei|ft!6^W»iS,«5gSr^lHlK-e^»f 

«Mc#*;KJBHS0> J: 5 h is*frm&m=Ht. JbSWK* 
ESS, TgS^HJgSJcJ: •5^fcS*?*>Ti/>5«jg«r# 
L"C^5i, (3) ©SbjgrSrJ: "9fS5*-5r 

[0 0 7 9] 11 1 3 ^^-T^lS^ro-fe/Ufllit-Cli, 
co?*>, «2<o»*ji*i|»«>3S*«Jf*lSlHy 2:7fT« 

[0080] (is 7 coms^ffi) % 6 (Dmmmmx'ii, 

HxOH, ^2(75St)i^(D56^fll#*-lS)Hy i¥ 
5„ 

[0 0 8 1] r^Sr&#-t-5fc*(C{i, 1114 (a) , 
( b ) XJfcXm^tt i. b \z. V ^*^&-&$$=f- 1 0 1 \c 
i5§C/^77i7 0 1, 7 0 2?rgEttb, ffffili 

7^17 0 1, 7 0 2fflHttlS)li K V^^-g-Sf^tC 

[0 08 2) ^7^K7 0 1, 7 0 2£>|SBi: UT 
14, 1114 (a) l^tiiCb^^f 101 
fc»8SLTE«1-3#fts StHM (b) JC^-fJ; 5 

[0 0 8 3] T ^«l?.©3fift*s h 

^-^1 0 1 i:/W7^itior B TOcfe#Lt^tt5 
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[0 0 8 4] tflt b V^wg^SSf^i: 1 0 1 

t^7Xl7 0 1. 7 0 2 2Sil:&£&3£-a-L-C^.5# 

#^.bix5„ hv^g^if 10 1i^7^R70 

1,702 <Dmzftbfr<r>m%mte'&-&i) i: frte.-tz>w, 

[0 0 8 5] A^r^iiLm (1) h^/Hft** 

fiouo «an^09nvNi««a^8ittR. (2) h 

[0 0 8 6] (1) <7>&&tet±, sUT i\> 
K6 1 SrJ£j*-*-««HM*>f»6 0 2 ©ftSSCLlBM-f-S r 

[0 0 8 7] rro±9 4A'f77lRtL-m #J;tiiC 
oPt^i, Co/Pt #g§l© £ o 
#JUH, **:Co/Cu#JiBi©J:5*Sa^»nO«-d-S: 

[0 0 8 8] (2) CD^i-a-KWu ^7^K&S^i'-^ 
K6 lS:Jg^i-5««t*f«6 0 2 0rt»fcE«-*-«r. 

*"fSI6 0 2fl-gBT?l±, SS^**^ 0 2 <Oigffl58£4I<£> 

BttIS:A-l , 7^Rlclv^5rit' > #%iteBJBtt£ffl 
[0 0 8 9] ;©±5 4-'M7^ISitm 0iJx.iiN 

[0 0 9 0] r<Dj; 5 ft^T^^HWOLfcii-g-tf) 
■fc-rt'aWUBiflsSrB 1 5 Srfflv^TRWi-*. riTrW:, Itt 
^•>-^K©#4ta9f K * 2 09»* 
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[0091] *mmBm(D x o T^j^icx t> 

[0 0 9 2] (£8 016 !*#3§f^tf>S£ 8 

10 iC^-t-spEIHT-fcSo 1217 (a) iiE 1 6 (Dgffffij&A 
— A ' ^ja-JS-^S^^ey-fe/KOtgfffiSr, HI 17 (b) «: 
116CWB-B' IcStJ^-TS^^y-tr/KoWffi^ 

[ 0 0 9 3 ] m 1 6 tC*5^T, 11, 12liSll©*# 
ii^iSl, 2 1, 2 2ttJS2<£>##&^, 10 1, 10 

(a) , (b) (CtJV>T 4 1 I* TSBmH, 5 0 1,50 
2temRY7lsi;*9<DW&ffl$.. 5 lttiSiR h^Vv* 
X^(D!7— K*&T?*>3. S&l<0»#i£^i&i:, fg2©# 

[0 0 9 4] HI 6, 1 7(Ct5^T, 6 0 1ttTa5^St 
ESS, 6 0 2tti**>f*t*i9, 
K6 1 , 6 2 

[0 0 9 5] *3SJ6fl2l§JiS#6<JJ::ttSS 6 coHig^fi fc 
^roHWWSffl— *1 eoSS&^i&SlirSS 2 

30 Ijl5i54^7 = *7-h>'^^, 7>7l 

[0 0 9 6] »#a*B*»CH:Jgl, I2«ftii^ 

[00 9 7] 

[HI] l<D&1&J&m£t$rt?>* ; *V-ZJl' ^ 

[H12] fciroSifcJBfflfcJSttSp^y^WE*** 
W^LfcHT-, (a) liildA-A'i|(:?Sofc»r 
SB, (b) fiB-B 'SlCffiofcgfSI. 

[i3] *^B^cD||Jg^ffi(c*Jlt5p<^y-fe/UT Wco 
50 i*tliaftl:SLjt/nv^a 
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IH 4] (a) f«^^n^^yhSSC^it5t 

#a*»^o-fe^ai«iiR3asrRMbfcH-e, (b) r* 

[EI 5] ffiollJfiJKII^js^S^^y-fe^WJttoiyr 
y ^S:«S:W^*LfcEI. 
[126] *«W(0*2 0jll6»t8lc*3Jt*7«*y-feyuu 

[El 7] *2 0jllfiJg|8*c*3^S^*!;-fe/u»fffiSr«a: 
M^L/cElT% (a) «|2 6 0A-A 'JftKj&ofcBr 
BB« (b) ttB-B "»c»ofc»BBL 

[El 8] *«W(Of|3<o|ll6Jgffilc*5JtS^ ; ey-fe/uU' 

[B9] **wo*4o**»«fc*3ita^' : ey-fe/n^ 

^7!) h*:««ttlc«LfcB. 
[El 10] ^aBBOJSSOSOISJBIBJciisJtay^ey -fer/u 

[mil] *:«pj<D^6o^jfi^(c*5«t§^^y -fe/v- 

[Ell 2] Re^HlSJBIH^is^S^^y-b/HerffiSrS 
attK»LB"e, (a) taEll KDA-A'jRtCJBofc 
(b) teB-B 'iRicJBofcBrBBo 

1 3] m6<Dmmj&m\c#ttz**v±/i'mm*m 
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10 fc 
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a^tfcK79 hEio 
[eii 4] *&w<D%z7<Dnmxm\c&tfz > **y± / u 

*36&**ttlc*Lfc WT* hB. 
[Ell 5] »7(0|tJ6*«lc*3»t*»#ii*»^0-fc 

[Ell 6] *5IM0^8^HJfi^«St^Mt5p<^y-fe^ 
W79 hSr«ta;ttte«LfcB. 
[Ell 7] *8 0SHfijeffl^*5«tS>e*y-fe^»rBSr* 
^^L/cElT% (a) ttH 1 6<DA-A 'iRfcfBo 
(b) ttB-B '«»c»ofcWfffiH 0 

[^^iaw] 

11.1 2-RlOt«i&»S 
2 2-l2^f#Mi| 

4 2-T8B«« 

1 0 2- h^/H^sSf^ 

7 0 2-/^7^1 



2 1, 

3 1 , 

4 1, 

5 1 • 

6 1, 
101, 

5 0 1, 

6 0 1- 
6 0 2- 

6 0 3- 

7 0 1, 
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